The moss diversity on the territory of the former USSR is analyzed on the basis of recently published check-list. Oceanic sides of Eurasia and mountain areas appears to be much more rich in species number, than continental lowlands, especially in comparison with quite a different situation in vascular plants. Specifics of regions of the former USSR are demonstrated and the total species diversity is expanded on 9 main geographic elements, and their significance is evaluated.
INTRODUCTION
In 1975 L. I. Malyshev has published an interesting paper on the spatial diversity of vascular plants and their richness in regional floras. There was provided a map where isolines indicate the number of species for an area of 100 000 km 2 . This size of area is especially useful since many lists or floras deal with approximately such an area.
As one can assume from that map (partly reproduced on Fig. 1 ) isolines within Northern Eurasia are mostly parallel to the equator. Some concenters of floristically enriched regions are in mountains of South Ural and especially in Central EuropeanMediterranean regions.
Analyzing data from the territory of the former USSR, and, to a less extend, from other parts of Holarctic, I have found that the situation with the spatial diversity of mosses is considerably different: oceanic and mountain areas (О, М) being more rich in species number than inland lowlands (ID, have the rate between them ("O & M : IL") sufficiently higher in mosses than in vascular plants. The main reason for this is, probably due to the relatively high diversity of vas cular plants in steppes and deserts where bryophytes are poorly represented both in number of species and in number of indivi duals. So isolines on the map of moss diversity in Northern Eurasia typically are not parallel to the equator, but surround the regions with more wet and mild climate (Fig.  2) . To argument this observation and the map is the task of the present paper.
RELATIONSHIP BETWEEN AREA AND SPECIES NUMBER
Some methodological questions should be answered first: 1) what is the appropriate area for such a comparison; 2) how is the number of species in a moss flora affected by the area investigated?
The answer to the first question depends to a great extend on current practice of floristic investigation. Floras usually are elaborating for two types of territories. The first are of 0.1 to 100 km 2 (National Parks, different kinds of Reserves, territories of botanical gardens, special interesting places, surroundings of cities) -such areas, in many cases, can be explored in several days to weeks, or by a number of periodical visits. The second area size is from 10 000 to 1 000 000 km 2 -it is the average area of many European countries, many states, provinces, territories in big countries like former USSR, USA, Canada, China, etc. The results of investigations of such areas are usually present in handbooks, complete "Floras" or, in recent time, also in numerous check-lists. The problem with the usage of data of smaller areas (0.1 to 100 km 2 ) is that most of them are territories more or less outstanding with respect to bryophytes. For example, in the lowland European part of Russia, one can find in the valley of a more or less big river 2-3 times more species than in more flat area without rivers / big creeks. And bryodiversity here depends on the diversity of relief, height of slopes, kind of rocks, level of human impact (occurring too strongly in many provinces) and many other factors. In mountain area with very diverse natural conditions, the number of species, as I can assume, strongly depends on the time, a bryologist can devote to do the field work. I know only few localities of high mountains in the former USSR territory, which can be said to be explored enough to provide the basis for comparative studies. By these reason, I think that comparison of local floras (so common in floristics of vascular plants), is premature for bryophytes.
What about bryofloras of areas of 10 000 -1 000 000 km 2 , it seems that they are more evenly investigated, comparatively with the smaller area variant. So, I believe that their comparison can elucidate the main characteristics of the relationship between number of species/area studied, even when comparison is made for different regions of Holarctic.
As it can be seen from Table 1 (graphically displayed on Fig. 3) , the relationship between the area investigated and the number of species is though positive, but comparatively with vascular plants the line of regression is nearly horizontal 1 (Fig. 3) . So it is clear that differences in quality of exploration and the taxonomical concepts ("splitter / lamper") are maybe more important, at least today, than the differences caused by the area size under exploration in the interval of 10 000-1 000 000 km 2 . So, in evaluating of the theoretical number of species of 100 000 km 2 for the map of moss diversity (Fig. 2) , I took into consideration all these factors, especially the level of exploration of an area. The resulting picture of moss diversity on the territory of the former USSR in Fig. 2 is based, therefore, on data taken from Tables 1 & 2, with my own indexing. And though my subjectivity remains unrecoverable here, I believe that such an evaluation is, at least, no less inaccurate than mathematical calculation based on presently available data. For the outline of some regions for Fig. 2 , the maps of distribution of some moss species, as well as general maps of physiography and vegetation were also useful (Atlas SSSR, 1984) .
The overall picture of moss diversity pattern was investigated in the course of preparing of the "Check-list of mosses of the former USSR" (Arctoa,\). Some practical consequences derived from Fig. 2 are: 1) the division of "Flora Europaea" (Tutin & al. 1964 (Tutin & al. -1980 repeated by Duel! (1984 Duel! ( , 1985 for the European part of the USSR, uses regions with latitudes much smaller than longitudes (especially Northern and Central regions of the European part of former USSR). Maybe it is naturally for vascular plants with their well-established -This difference can be illustrated with some examples: in Moscow Province there are known ca. 5% of species of vascular plants of the entire USSR (Woroschilov & al., 1966; Czerepanov, 1981) , while for mosses this number is ca. 25% (Ignatov & Ignatova, 1990; Ignatov & Afonina, 1992) ; or Swedish vascular flora is ca. 20 % of that of Europe (Hulten, 1971; Lid, 1963; Tutin, 1964 Tutin, -1980 , while for mosses -ca. 70% (Hallingbaeck & Soederstroem, 1987; Corley & Crundwell, 1991) . Selected small area can contain up to half of the moss flora of a very much larger territory. For example, in Kunzevo in Moscow, on a 100 ha (0.000 02% of territory of Moscow Province) there are represented 130 species of mosses, or half of the number for the Province; or in South Wales (Hill, 1988) there is found about half of the moss flora of Europe on about 0.1 % of territory of the latter, etc. 50 0 .
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Figs. 1 -2. Number of species in floras of vascular plants (1) and of mosses (2) on the territory of the former USSR and neighboring areas (approximation to area of 100 000 km 2 ). Fig. 1 -after Malyshev (1975). 2) more diverse and peculiar with respect to bryophytes South Siberia is separated from the flattened northward territories. At the same time Altai Mts. and Sayan Mts., which usually were separated by traditional division into Western and Eastern Siberia, are combined here: altaian additional diversity in vascular plants (because of many xerophytic groups) is practically absent in regard to mosses.
NUMBER OF SPECIES AND PECULI ARITIES OF REGIONS OF THE EX-USSR
According to the recently published check-list of mosses of the former USSR (Ignatov & Afonina, 1992) on its territory there are known 1157 species and 74 infraspecific taxa, including, however, 43 species and 1 variety considered as dubious. The territory was divided into 6 main regions -Arctic, European part, Caucasus, Siberia, Far East and Middle Asia, in general following the main division using for vascular plants in the Flora of the USSR (Komarov, 1934-66) . In most regions (except Caucasus and Middle Asia) there are subdivisions, and the total number of recognized geographical entities is 21. The number of taxa, known for these divisions is represented in Table 2 .
Though the correlation in number of species in common between of the regions of Holarctic is at about 85 % (cf . Schofield 1988b; Ignatov 1992) , the number of species in common among all the six principal div isions of the former USSR is unexpectedly low -only 17%, or 200 species (listed below). And only ca. 3% of species (36) 
On the peculiarity of bryophyte flora of accepted regions it is possible to note the following. The most particular area in the former USSR is the region of Far East, where are known 130 species which are absent in all the other parts of the USSR, and among them 119 are known only from its southern part. There is a considerable number of genera, occurring in the former USSR only here: Actinothuidium, Atractylocarpus, Bartramiopsis, Boulaya, Brachymenium, Brotherella, Bryochenea, Dolichomitriopsis, Dozya, Drummondia, Fauriella, Glyphomitrium, Homaliadelphus, Hondaella, Hylocomiopsis, Hypopterygium, Macromitrium, Mamillariella, Miyabea, Oedipodium, Okamuraea The negative specificity (species occur ring in all other main regions except this) of the above mentioned regions is as follow. There are practically no "negative species" for Siberia and Europe, exept Brachythecium trachypodium for Siberia and Trachycystis ussuriensis for Europe. Rather moderate is the negative specificity of Caucasus, 13 species, and Far East, where there are no data about 22 species, known however from the all five other main divisions of the former USSR. However, these "negative" groups surely will be reduced by further collections.
The 2) European West has a rather strong species relation (> 85 %) with nearby European subdivisions (Central Russia, Belorussia, Baltia, Krym) and also European East, South Ural and Western Siberia. The percentage of species in common is gradually decreases in relation to place farther away (North Ural -81.4%, European North-East -78.3%, Caucasus -77.4%);
3) Caucasus also has a strong connections (> 84.8%) with regions of southern and central parts of European ex-USSR: Krym, European West, Belorussia, Central Russia, European East, South Ural. It gradually decreases in the percentage of common species toward West Siberia (83.2%), Baltia (80.8%), North Ural (80.7%), etc.; 4) South Siberia has a rather high relationship (> 80%) with most of the regions, except the most oceanic (European NorthWest, Baltia, Belorussia, European West, Krym, Caucasus, southern Far East), and also with Middle Asia (despite the neighboring position of the latter); 5) Southern part of Far East has a weak relation with nearly all the regions, except West Siberia (86.4%) and East Siberia (82.0%). Even with neighboring Northern part of Far East (75.7%) and South Siberia (67.3%) have only a rather weak relation with Southern Far East. The higher percentage for West and East Siberia can be explained by their rather poor and unspecific moss flora (mainly, as I understand, because of under-exploration); 6) Beringian Arctic is connected with other Arctic regions stronger than with any other (80.4 -83.6%), somewhat weaker with Northern Far East (76.3%) and so on.
These six relationships can be grouped into 2 natural patterns -some regions have stronger relations with nearby regions/ weaker with remote, while other -stronger with relatively remote regions (belonging Table 3 . Percentage of species in common between regions of the former USSR (see also .
Region
Percent of species in common with: to the same zone)/ and weaker with nearby (belonging to another zone): 1) European West and Caucasus have stronger connections with nearby regions, and a much weaker connections with more remote places; the South of Russian Far East (Fig. 8) probably also belongs to this group, but it has weak connections with any region of the former USSR, except West and East Siberia; 2a) European North-West (Fig. 4) and South Siberia (Fig. 7) have rather uniformly high correlations with many relatively remote regions in the boreal and arctic zones, including ARC: EURO 
, WS, ES, BE-, EUR: NE, N-UR, С E, S-UR; SIB: w, E; FAR EAST: N.
Other zone has less in common with European North-West and South Sibe ria; it includes the regions where deciduous forests are widespread: EUR: в, BLR, W, A;-CAUC; MID AS; FAR EAST: S. It is usually considered as nemoral, or temperate. Though this zone is not so consistent as the boreal one, moss floras of its regions have rather much in common with each other, but often at the level higher than species. The main nucleus of this nemoral flora was discussed by Lazarenko (1944) , when he analyzed the moss flora of the Soviet Far East; 2b) Beringian Arctic also has stronger connections with more remote zonal arctic floras and weaker -with nearby ю-«о-«r w loo-ЧУ "°""°" |ю "
Figs. 4-6. Percent of moss species in common with moss flora of (4) European North-West, (5) European West, (6) Caucasus. See also Tab. 3.
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Figs. 7-9. Percent of moss species in common with moss flora of (7) South Siberia, (8) southern Russian Far East, (9) Beringian Arctic. See also Tab. 3. boreal floras. The fact that arctic floras have the high percentage of similarity with EUR: NW and SIB: s means just that most of the arctic environmental diversity is represented in these two regions, where mountains occu py a considerable territories. Therefore, deli mitation of Arctic zone from Boreal zone is based on its rather negative specificity.
Summarizing, three zonal types of moss floras can be segregated, basing on above analysis: Arctic, Boreal and Nemoral, or Temperate. It is important, however, that nearly a half of species of boreal floras have very wide ranges of distribution, well ex ceeding the Holarctic. So, despite the fact that moss floras of the most part of the former USSR are classifying as boreal, the number of really boreal species, more or less strongly limited to boreal biota, is rather low.
ELEMENTS OF BRYODIVERSITY
After the above overview we can try to expand on the moss diversity across the territory of the former Soviet Union (Fig. 2) and group moss species into a number of elements (which are illustrated by some cha racteristic species on Figs. 10-49). The most of them can be classified into four groups:
I. Widespread throughout the former USSR; II. Alpine and mountain species; III. "Circum-zonal species", limited in their geographical distribution to some zone (arctic, boreal, nemoral (temperate) , arid), but occurring within these zones more or less evenly throughout the Holarctic or Eurasia;
IV. Western and Eastern species, limited in their range or strongly preferring one of oceanic sides of Eurasia.
I. WIDESPREAD SPECIES of average conditions of forest zone form a medium, which makes most of moss floras of all the territories to be of no less than 100-150 species rich, except some xeric areas of the South-East Europe (region of the Lower Volga River), Middle Asia, some parts of Eastern Caucasus. Most of species of this group occur also in tundra, though some of them are not so common there. In total, about 200 species.
Examples (Figs. 10-12 ).
III. CIRCUM-ZONAL SPECIES.
III.
A. ARCTIC AND ARCTO-ALPINE SPECIES.
III. A. 1.Arctic species, con fined in their distribution to the Arctic Floristic Province (Yurtsev & al., 1978) (Figs. 13-14) .
III. B. BOREAL SPECIES. Though tradi tionally the main part of species in floras of boreal zone was considered as boreal, I think that the number of species with distribution more or less confined to boreal zone is probably no more than 30.
Examples (Figs. 25-27) . IV. A. 2. A m p h i -A t 1 a n t i с species.
Examples: Anomodon rostratus, Anacamptodon splachnoides, Diphyscium foliosum, Neckera complanata, Homalothecium sericeum, and a very few others (Figs. 28-30 ).
Figs. 10 -12. Distribution of (10) Arctoa fulvella (in part after Schofield, 1972) , (11) Andreaea obovata (after Murray, 1987, completed) , (12) Hylocomiastrum umbratum (after Ochyra & al., 1992b) . Figs. 25 -27. Distribution of (25) Brachythecium geheebii (after Ochyra & Szmajda, 1983, completed) , (26) Eurhynchium pumilum (after Stoermer, 1969, completed) , (27 (after Iwatsuki, 1972 and Cao & Vitt, 1986, completed Schofield, 1972 and Stoermer, Hookeria acuiifolia (after Iwatsuki, 1972, completed Iwatsuki (1992) .
IV. B. 3. N о r t h -P а с i f i с spe cies.
Examples: Bartramiopsis lescurii, Oligotrichum parallelum, O. aligerum, Rhizomnium nudum, Pleuroziopsis ruthenica, Scouleria aquatica, Claopodium crispifolium, C. pellucinerve, Gollania turgens (Figs, [43] [44] [45] , For more examples see Iwatsuki (1972) .
IV. B. 4, More widespread species, oc curing in Holarctic generally on E a s t of both Eurasia and North America.
Examples: Bryhnia novae-angliae, Grimmia pilifera, Hookeria acutiloba, Taxiphyllum alternans, T. taxirameum, Herpetineuron toccoae (Figs. 42, 49) . V. ENDEMIC SPECIES. At present there are known only two endemic genera from the territory of the former USSR: Mamillariella, with a single species, distributed in several localities of the South Far East, -and Orthodontopsis, also monotypic, strictly confined to the upper taiga zone in Altai and Sayan Mts., South Siberia. The most of en demic species, at present, need to be additionally revised, since very few recent studies were undertaken on them. As the "good" species I can mention now Myuroclada rotundifolia, Forrstroemia stricta, Cinclidium minutifolium, and a few others. It is worthy to note, that these species belong to small, recently revised genera and are known so far from a few localities in forest zone of Asian part of the former USSR.
About 10 % of species are difficult to link to either one of the above groups. They can be attributed to various smaller groups, but here I'm leaving them unclassified.
Overlapping the above types of distribu tion one can see the general pattern of di versity shown on Fig. 2 (p. 15) . Some less diverse area in respect to mosses, however, can not be detected by using such a rather general method only. 
